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Introduction 
It is known that the infused fat emulsion is digested in the reticuloendothelial system (RES). 
Numerous phagocytes are present in the spleen as a lymph node. As litle thought has been 
given to the important rol巴ofthe spleen, total splenectomy is generally performed in trauma. 
Severe overwhelming post-splenectomy syndrome1s,is,2o,27,zs,32) has become a common problem 
especially in children. There have been reports concerning the preservation of the healthy part 
of the injured spleen even in adults3,2s,29,3o,31J. However, this attention to adult cases only is 
recent and may be due to the recognition of increased chance of infection in splenectomised 
patients. Thus in adults, efforts to preserve healthy part of the injured spleen is now being 
performed. 
The author was prompted to examine spleens which underwent infusion of the fat emulsion‘ 
because of several reports of lipidosis or necrosis following the infusion, which may be considered 
as a drug induced splenectomy. From the viewpoint of ultrastructural morphology the spleen 
infused with fat emulsion, was studied as follows. 
Materials and Methods 
Eχ:periment I Effects of the Fat Emulsion oπilfoゆhologicalChanges in .d nimals 
Twenty four nアistermale adult rats were used (the body weight averaged 200 g). 
(A) Under intraperitoneal anesthesia with Nembutal, the jugl血rvein was cut and a fine 
polyethylene tube specially made was cannulated. Then, the intravenous fat emulsion (10% 
Intralipid⑮＇） 1 ml/kg was infused through the cannulated tube for one hour. As a control group, 
two additional rats each underwent the same manuever without the fat emulsion. 
Then, the animal was laparatomized and the left cavity of the chest was opened. As soon 
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as the chest ''", opened, the thoracic aorta w＜ ~s exposed, cut and a tube was cannulated toward 
the abdominal aorta, The tip of the cannulation tube was inserted near the celia「trunkthrough 
this route. The proximal side of the aorta w<i.s ligated. Saline solution was infused slowly, the 
jugular route was used also as a draining channel. Then, the inferior vena cava and the ab-
dominal aorta just under the renal arteries wcrぞligated(Fig. 1). 
After washing out the blood circulating in the intraabdominal organs for several minutes, 
pre-fixati1ザe羽γasperfus巴d through thoraci＜、 aortaroute at 150 cm He<). Two kinds of pre-
白X川ivc通メ Wじreused: 2% of glutaraldehyde 'o 
aldehyde l】lu討 0.1%malach山 greensolution. 
Perfusion time was determined by the hardn巴出 ofthe liver, and the average perfusion time 
was about one hour. After the perfusion fixation, th巴spleenwas resected and directly prepared 
in small samples (2×2mmぅthick即時about2 mm) and immersed directly in 1 % osmium tetroxide 
solution. Each日amplewas separated into two groups. One was prepared for transmission 
electron microscopy (TE¥ T), the other was prepared for cryo仕actur巴observationby scanning 
electron microscopy （ ~E\I）.人tth巴sametime Hematoxylin-Eosin (HE) and Sudan III staining 
for light miτro: 
(B) In this group the tip of the cannula in the jugular vein was positioned near the right auricle. 
The proximal side of theじmnulatedtube was passed through subcutaneous tissue and it exited 
at the back near the neck; through this cannula infusion was done. The menu of th巴infusate
was as follows: 2 ml of Intralipid, 5 ml of 12% amino acids, 10 ml of 50° 0 glucose solution 
and 13 ml of lactated Ringer solution. These mixed solution was infused for 24 hours with an 
infusion pump.λfter 24 hour討 theinfused r礼tswere anesthetized again and autopsied. The 
same preparation for ~EJVI and TE¥[ were performed as mentioned above. 
Expcrii町民1If. C!illical Studies of .!1f1.1<'d Fat Emulsz"o冗 inthe Splcm 
Five splenectomized cases were examined as follows: 
Case 1; K. U. 22 y.o., female. Total gastrectomy for gastric carcinoma with splenectomy was 
performed. She did孔otreceive an infusion of the intravenous fat emulsion before operation as 
a control. 
Case 2; Y.T. 32 y.o. f，巴malewith clinical idiopathic thrombocytopenic purpura (histopatho-
logical examination did not con命m it）.メhereceived an 500 ml infusion of 10°1；。intravenous
fat emulsion for 2 hours just before the operation. 
C川 c3; K. Y. 76 y.o. female with cystoadenocarcinoma of the body of the pancreas. Distal 
pan createぐtomywith splenectomy was performed. Before the operation the same procedure of 
Intralipid infusion as in ( 'cse 2 was ptrformed. 
C<LSl、4; G.¥I. 76 y.o. male. Intestinal obstruction occ、urred同 veralwee、ksalいrhe had a radical 
operation for rectal carcinoma. During the operation for ileus, the spleen was damaged and 
extirpated. He had been given total parenteral nutrition (TP'.¥:) with one-pack method after 
being operated on for rectal cancer. 
Case 5; T.S. 36 y.o. Splenectomy was performed for portal hypertension. He was given TPN 
with one-pack method before the operation. (< Jne pack method is th巴wayto infuse a daily menu 
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of infusates which were mixed in one soft bag including fat emulsion. Thenぅthefat emulsion 
is diluted and infused for 24 hours.) 
Immediately after the spleen was extirpated, the splenic artery and vein were quickly exposed . 
. ¥ t first、thetwo major branches of the splenic artery were prepared、whichsupplied the upper 
and lower portions. After the cannulation into these two major branches, the infusion of 
は linewith heparin (3000 unit/500 ml) was begun at the pressure commensurated with the 
patient’s average preoperative blood pressure; another cannulation was performed into the 
splenic vein and the draining venous pressure was maintained at 15 cmH20. This maneuver was 
performed for 10 min in order not to wash out totally blood cels which were necessary for the 
subsequent observation (Fig. 2). 
After the washing perfusion、theperfusion fixation of the spleen was performed. Through 
one branch of the splenic artery. 2% glutaraldehyde plus 0.1 % malachite green solution was 
simultaneously perfused and through the other branch perfusion 五xationwas done with only 
2% glutaraldehyde. The perfusion fixation was performed for about half an hour. At this 
time the hardness of the fixed spleen was determined. The spleen was then prepared for TEM 
and SE:¥I as mentioned previously for animals. 
Results 
1. Results 111 the EゆeγimentalStudies of A抑制αls
(A) On Sudan III staining、largesudanophilic globules were observed in almost al of the 
macrophages in the spleen. At high magnification （×1000) these globules appeared to consist 
of small particles; on HE staining they appeared as vacuoles (Figs. 3 and 4). 
By TE:¥! and SE::¥I observations of the splenic samples which underwent perfusion fixation 
with glutaraldehyde plus malachite green, these globules formed a body of electron deme parti-
des. The globules were very large, often as large or larger than the nuclei of macrophages. 
:Vloreover, free particles and small globules were observed in the cytoplasm of the phagocyt引田
By SE:¥1 observation cryofractured samples also showed large globules which were filled with 
particles. These particles were round with smooth surfaces (Figs. 5, 6, 7 and 10). 
On the other hand司 inthe spleen which underwent perfusion fixation with glutaraldehyd巴
alone，ロoglobules with particles were observed by TEM or SEM observations. By TEM 
observation、onlylarge vacuoles were observed. In the vacuoles there were no particles and 
only a matrix like structure was noted. By SE'¥! observation various overlapped membraneous 
structures were observed in the vacuoles (Figs. 9 and 10). 
In the control group. which did not undergo infusion of fat emulsion、theseglobules or 
vacuoles were not observed ultrastructurally. And only sudanophilic material was not observed 
by light microscopy in either perfusion fixations. 
Moreover, intravenous fat pigments were already observed in animals autopsied 24 hours 
after the single infusion. 
(B) Very few small groups of macrophages were found to include sudanophilic materials. 
However, intravenous fat pigments were seen in almost al of the macrophages in the spleen. 
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Fi邑1. Photograph of perfusion五xationof a rat abdominal viscera. The infused 
area is stained with malachite green. 
Fig. 1. Photograph of the human spleen which had perfusion fixation with malachite 
日recnI¥川、erhalf，ばr川、cl1and usual perfusion fixation (upper half!. Both 





Fig. 3. Sudan III stain of a rat spleen. ¥' acuoles in the phagocytes were found 
to l wfat material (arrows). 
Fig. 4. HE stain of same rat spleen as in Fig. 3俗udan'tainl. ¥'acuolated 
macrophages (arro＼＇叫 arecharacteristic. 
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Fig. 7., 8. 
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By TEM and ~EM observations司 significant白ndingscompared to the control were not noted ex 
cept for the intravenous fat pigments. 
2. Results of the Clinical Study 
（、aぽ 1.; There was no sudanophilic material in the cells of the spleen. Even by the tw’o 
di仔erentperfusion fixations, no characteristic findings were ob-;erYed ultrastructurally. 
Cases 2 and 3; By Sudan III staining, numerous macrophages in the spleen contained large 
sudanophilic materials. As in the animal group, these sudanophilic globules consisted of 
small particles. By HE stain these globules were observed to be as large a' vacuoles. The TE:¥J 
and SEM findings were similar to those in animals (A) (Figs. 7, 8, 9 and 10). However, several 
additional findings were noted. By TEl¥I observation with malachite green, free particles in the 
sinusoid of the spleen were frequently observed (Fig. 11). Rod cells of the sinusoid also phagocy-
tized the particles and granulocytes also phagocytized the particles. Trapping of red blood 
cells16l which is thought to cause a great change in the membrane by fat emulsion was unclear. 
ByメEl¥Jobservation with malachite green, free particles were also noted, and echinocytic red 
blood cells attached with the particles were observed in the sinusoid of the splee孔 orin the splenic 
cord (Fig. 12). Considering that numerous undigested fat particles remaining in the cytoplasm 
of REおinthe spleen, sinusoid and splenic cord foτa long time, the spleen seemed to be like 
a re,ervoir organ of intravenous fat emulsion. 
Cases 4 and 5; Sudanophilic materials in macrophages in the spleen were observed only spar吋！？＼
Howev引ヲ intravenousfat pigments were ob河 rvedin other macrophages without any sudano-
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Fig. 12. SE~l oi the spleen as in Fig. 7. This isa ligurヒufthe＞ドlビnicじord. 0/ote 
fre・ fat particles. Some of them are attached to RB< （×10000) 
philic material. By TE:¥! and:-;[:¥! ob叱 rvati01b.no characteristic findings were observed except 
for intravenous fat pigments （トig.13). It was impo＇、ibleto identify intravenous fat pigments 
by :-;u1. 
Discussion 
The role of th巴spleeniメstilvague. Until now total splenectomy has been readily performed 
in trauma. How巴ver,post-splenectomy syndrome has been report巴damong physicianメ This
叫・nclronww山 thoughtto be a great problem among infants, but this problem is gradually being 
recognized a' relatively common e¥-en among adults. Efforb ha＼で beenmade to leave the 
healthy part of the spleen intact in trauma. The importan川 ofthe spleen against infection 
中eciallyin pneumonia has been recognized. 
Fo卜n'4> et al recently n白portedn℃crosis of the吋pleenat autopり• in patientメ whoreceived 
infusion;; of the intrav('nou、fatemulsion. Thi行自ndingthat drugs can induce chemical splene 
ctomy is of importance to critically il patients who fl'('C'in・theintravenous fat emulsion because 
their a bili cy to di昨stemulsified fat particles is叫はk. Among these patientメthepossibility of 
lipidosiげ，to>or the affumulation of the infused fat emulsion t.4> i呂町ryhigh. Thus‘if these pa-
tients r引Tivethe intravenous fat emulsion、adrug induced splenectomy might occur and be as 
a trigger of叱vcreinfection. If it ¥T町、o the decrcmL"nt of RE:-; activit¥・ might be possible2• 
s,o,s,1,1 ~.13,11.19,2i.33) 
From the he白ginningof th巴clcvl'lopmentof the fat emulsion、theeffect of it on the spleen had 
1，閃n山 idiedandじoncludedthat抗rsttrapping of fat particles waメドcrformeclin RES mainly in 
the liver and spleen, and the deposition of fat particles in the RES of the -qileen w<1' transient 
only remaining intr肝 enou、fatpigments. H川＼＇（＇ ＼＇円、出 thesestudies were done 孔tthe light micro-
l:¥TRAVE:¥Ol:S FAT E:¥ICLSIO.'.¥ 
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、（川）icallevel、thedetail morphology in the RE~ cells was not clarified. λlorcovcr司郎 the、r
studies were performed using healthy experimental animals, the evaluation of infused patients 
who are critical il has stil been obscure. The possibility that the intravenous fat emulsion gives 
some adverse e佐ctsif it is infused to patients poor in clinical condition has been stil remaining, 
although the fat emulsion is thought to be a safe material to those who are es叫 1tiallyhealthy. 
From these considerations, the author22•23•24> examined morphologically the spleens infused 
with the intravenous fat emulsion chiefly from ultrastructural investigation. Though it has been 
difficult to五xand observe fat materials for specimens of TEl¥T and SE:＼！‘ the authors were able 
to fix tightly fat particles of fat emulsions and to make it unsoluble to alcohol dehydration using 
malachite green 26> in specimens for TK'¥f and ~El\L Fat particles of the emulsion were given 
strong electron density and they were observed as uniform blac、kglobules by TE:¥I and as spheri-
cal particles with a smooth surface hy SE'.¥!. 
The particles which appeared in the macrophages and in the splenic cord in a free form were 
those of the fat emul討ion. During short time infusion of the fat emulsion, the RES respond討
continuously to phagocyte fat particles. :¥loreover, fat particles were retained in the spleen in 
the free form for a long time. The spleen appeared to be reservoir of the fat emulsion. On 
the other hand, when the fat emulsion was infused by the one-pack method、thespleen appeared 
to be able to tolerate the fat emulsion comparable to a level that of short time infusion. 
In this investigation, the results obtained between animal and human spleens were in good 
agreement. 
At present, the intravenous fat emulsion has been used clinically as a safe infusate and it is 
an important source of the essential fatty acids as well as high calories. However‘several 
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ad n・rse effe「t討havebeen reported. One of the reason日forthese adverse effects is thought to be 
the method of infusion. The generally recommended way to infuse the intravenous fat emulsion 
is to infuse it via the peripheral vein over 2 hours. This disadvantage was reported hy the 
authors. 人ccordingto this method large doses of fat particles were retained in the spleen. 
The digestion and the metabolism of fat particle討 canproceed smoothly in patients with the 
remarkable tolerance. However, in critically il patients whose macrophagic digestion of fat 
particle, in the 、pleenmay be weakうseverelipidosis and necrosis of the spleen can ocぐur.
However、those11・ho require the intravenous fat emubion as a source of the essential fatty 
acids and calorie, are chiefly critic、allyil patients. Therefore, careful attention must be paid 
to infusing the fat emulsion. From the author's investigation the one-pack TPλマ j,considered 
to be tolerable n’en to critically il patienh and h 川 ferthan the infusion method generally 
T仁川mmended.
Conclusion 
1. The generally recommended method of the infusion of the intravenous fat emulsion may 
damage the spleen引 peciallyin critically il patient札
2. （、arefulattrntion mu't be paid to the critically il, whose abilitv to digest fat emulsion is 
weak, becau吐 i the intravenous f礼temulsion i、aIi辻、icrequirement of those who need TP>:. 
3. The one paι、kinfusion method is considered to he tolerable and safe even to the patients who 
are critically il. 
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ととなどから，牌臓内での乳剤粒子の示す態度を形態 逆iζ， one-pack方式による 8時はこのような所見
守：｜’Jに検，.tした． はみられず，それが牌臓に対して負担の軽い投与法と
摘出4人牌並びにラノト牌を濯流固定し， TE.¥!・ 考えられた．
メE¥lICより観察した＇ i整流固定液としては7 ラカイ 前述の赤血球lζ関する研究成果と併せ考え， one-
トグリーン加グノレタールアルデヒド液を用いたが， そ pack方式による投与は脂肪乳剤投与の生体に対する
れにより乳剤松子と組織とを同時に固定することがで 悪影響を最少限re止める最も生理的な投与方法である
きた． と考えられ．特に重症例ではそうすることが是非共必
その結果，短時間IC脂肪乳剤を投与すると牌臓の網 要と.＇；tl;j、れる．
内系は数時間乳剤粒子の過食状態に陥り，乳剤位子は
